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A  STUDY  OF  THE  DEVELOPMENT 
OF 

ACIDITY  IN  CORN. 


I 

INTRODUCTION. 

The  development  of  a  high  degree  of  acidity  in  the  maize  kernel 
has  long  "been  recognized  as  an  indication  of  its  deterioration.  Nev- 
ertheless, not  much  work  has  "been  done  in  the  study  of  the  various 
phases  of  the  problem  of  its  formation,   and  none  at  all  on  the  iden- 
tification of  the  acids  formed. 

It  is  believed  by  some  that  the  acids  come  from  zein,  the  pro- 
tein of  the  corn  kernel.    Whether  this  is  true  or  not,   it  has  been 
found  that  probably  the  greater  part  of  the  acid  is  in  the  germ.  If 
this  last  is  true,   acidity  must  be  important  in  germination,   and  any 
storage  conditions  which  tend  to  prevent  its  formation  are  important 
in  the  preservation  of  seed  corn. 

Bulletin  102,  United  States  Department  of  Agriculture,  gives  a 
comparison  of  analyses  of  corn  in  the  crib  at  different  periods  of 
storage;  which  shows  that  there  is  a  gradual  decrease  in  the  percen- 
tage of  moisture  and  also  in  the  degree  of  acidity.     It  also  gives 
analyses  of  corn  from  different  kinds  of  cribs  as  shown  in  the  fol- 
lowing table  copied  from  the  bulletin: 


'' } 
c 

TYPE  OF 

CRIB 

LOCATION 

ITBaJS  OF 

C  01^  APIS  ON 

DATES  OF  SAMPLING  I9I3. 

Rail 
Crib 

Turpin, 
Illinois* 

Acidity 
Germination 

J  an  • 

19  A 

ire  D* 

Men* 

Apr* 

May 

18.6 
96.0 

15.0 
100.0 

1^)'.4 
98.0 

15.4 

? 
? 

Single 
Crib 

Cerro  Gordo, 
Illinois. 

Acidity 
Germination 

14.0 
98.0 

13.4 

97.0 

14.6 

97.0 

12.6 

98.0 

13.4 
90.0 

Double 
Crib 

Long  Creek, 
Illinois . 

Aciditj' 
Germination 

18.4 
98.0 

15.2 

96.0 

16,8 
94.0 

85.0 

15.4 
90.0 

This  table  shows  that  the  least  acid  developed  in  the  corn 


stored  in  the  single  crib  at  Cerro  Gordo,   Illinois.     It  might  appear 
that  differences  in  location  would  affect  the  results,  but  Turpin  and 
Cerro  Gordo  are  within  twenty  miles  of  each  other  and  Long  Creek  lies 
about  midway  between  the  two.     This  is  the  only  data  available  show- 
ing the  effect  of  different  conditions  of  storage  of  ear  corn  on  acid 
development.     It  seems  that  no  work  has  been  done  with  corn  selected 
for  seed  and  stored  under  varying  conditions.     Such  is  the  purpose 
of  this  study. 

The  problem  is  made  the  more  complicated  because  we  do  not  know 

with  what  acids  we  are  dealing  and  from  which  of  the  constituents 

of  the  kernel  it  comes,   or  what  are  the  agencies  for  its  development. 

Black  and  Alsberg  have  tried  to  show  from  the  relatively  small  amount 

of  carbohydrate  (sugars  and  starches)   in  very  acid  corn  that  this 

1 

must  have  been  the  source  of  the  acid  ,  but  they  also  believe  that 

zein  furnishes  a  large  part*    They  also  suggest  that  some  of  the  fat 

2 

may  become  saponified,   thus  giving  fatty  acids. 

There  are  almost  as  many  opinions  as  to  the  agencies  in  acid 
production  as  there  are  investigators.     Some  believe  that  it  is  con- 

1  Black  and  Alsberg.     Bui.   I99,   B.  P.  I.  p.  23 

2  Black  and  Alsberg.  op.  cit.,   p.  22 


trolled  by  the  moisture  content  of  the  kernel.     Others  believe  it  may 
be  due  to  respiration,   some  to  bacterial  or  fungus  growth,  while 
others,   and  these  are  in  the  majority,   believe  it  is  brought  about  by 
enzyme  action  .     There  is  such  a  small  amount  of  literature  on  this 
subject  that  one  can  scarcely  dr  av  any  conclusions. 

It  has  been  shown  that  unviable  seeds  contain  reducing  sugars 
the  same  as  viable  ones,   thus  indicating  the  presence  of  the  diastic 
enzyme  in  such  seeds.     The  same  thing  has  been  proved  for  the  fibrin- 
reducing  proteolytic  enzymes  and  for  erepsin.     These  may  be  the  acid 
producing  agents. 

"Dry  seeds,  except  those  of  corn,  do  not  respire.     Corn  produc- 
es only  a  very  little  carbondioxide  (less  than  one-millionth  as  much 
as  the  active  seedling).    The  respiratory  activity  was  only  slight  at 
first,  but  a  trace  was  retained  even  after  drying".    This  would  seem 
to  preclude  the  theory  of  acid  formation  being  due  to  respiration, 
except  that  grain  containing  a  high  moisture  content  may  develop  a 
high  degree  of  acidity  due  to  the  increased  respiration  during  the 
period  of  drying. 

Acidity  in  corn  has  many  injurious  effects.     Black  and  Alsberg 
suggest  that  it  may  be  one  of  the  causes  of  the  disease,  pellagra. 
It  seems  certain  that  this  disease  is  caused  by  a  substituent  of  the 
corn  kernel  and  this  might  very  well  be  the  acids  present. 

Tests  made  by  the  United  States  Department  of  Agricul ture^pon 
several  hundred  samples  show  that  a  high  degree  of  acidity  goes  hand 
in  hand  with  a  low  percentage  of  germination.     It  has  also  been  found 


2  Bul!^102!^'''  Proceedings  of  the  Royal  Society.  Vol.  B.  8l,  p.  41? 

I  Tn!w®'o^*t.^i^^®^^^^^^^^^^'-^"S  des  Heus.  Jena.  1907. 
^  Loew,  0.  Rpt  59,  u.  s.  D.  A.  I899. 
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that  the  degree  of  acidity  of  maize  bears  a  certain  relationship  to 
number  of  other  factors.    For  instance,   a  high  percentage  of  cracked 
kernels  is  almost  always  accompanied  by  a  high  degree  of  acidity. 
Likewise,  heat  damaged  or  "mahogany"  kernels  usually  indicate  a  high 
acid  content.     The  degree  of  acidity  has  also  been  found  to  vary  in- 
directly with  the  moisture  content  of  the  grain. 

The  question  now  arises:     Can  we  control  the  development  of 
acids  in  our  stored  corn,    and  if  so,  how?    This  is  the  special  prob- 
lem of  this  study,   and  since  it  has  been  found  that  the  greater  part 
of  the  acid  content  is  in  the  germ  of  the  grain        the  part  most  im- 
portant in  seed  corn        we  have  selected  seed  corn  for  the  study. 
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II 

PROCEDURE 

The  corn  for  this  study  was  collected  on  successive  Saturday 
mornings,  beginning  September  25,  I915,  when  the  grain  was  in  the 
milk  and  contained  above  fifty  percent  of  water.    These  collections 
were  continued  until  November  13,   I915,  which  was  the  time  of  harvest 
Thirty  ears  were  collected  each  week  except  the  first  when  the  gath- 
ering was  done  by  Dr.  W.  L.  Burlison  and  Mr.  E.  T.  Ebersol  of  the 
Crop  Production  Department,  who  selected  thirty  of  what  seemed  to  be 
the  most  iiiamature  ears,  and  thirty  as  mature  ears  as  could  be  found. 

Ten  of  the  ears  from  each  collection  were  placed  in  a  room  in 
which  the  temperature  was  relatively  high,  and  the  atmosphere  quite 
dry.    This  room  is  referred  to  as  the  "seed  room."     A  second  set  of 
ten  ears,  was  placed  in  a  basement  where  the  atmosphere  was  relative- 
ly moist  and  fairly  warm.     The  third  set  was  kept  in  a  room  in  which 
the  windows  were  raised  most  of  the  time  and  the  condition  of  the 
atmosphere  was  practically  the  same  as  that  outside.     This  is  called 
the  "east  room".    The  ears  were  weighed  as  soon  as  they  were  gathered 
and  each  week  thereafter  as  long  as  there  was  any  loss  in  weight. 
In  order  to  facilitate  the  keeping  of  records,   the  ears  were  numbered 
according  to  the  follov/ing  system: 

100        Those  kept  in  the  seed  room. 

200  —  Those  kept  in  the  basement. 

300  --  Those  kept  in  the  east  room. 
10  —  Those  collected  the  first  week. 
20        Those  collected  the  second  week. 


1 


6 


30        Those  collected  the  third  week. 
40        Those  collected  the  fourth  week. 
50  —  Those  collected  the  fifth  week. 
60        Those  collected  the  sixth  week. 
70        Those  collected  the  seventh  week. 
.1  —  Those  selected  as  immature. 
.2        Those  selected  as  mature. 
At  first  all  ears  were  placed  on  wire  drying  racks  and  hung  in 
the  different  rooms.     This  gave  a  very  free  circulation  of  air  but, 
in  the  east  room  and  in  the  basement  mice  ate  a  part  of  the  corn, 
Every  sort  of  scheme  to  prevent  this,  was  tried,  but  without  success; 
and  m  order  to  keep  the  grain  intact  it  became  necessary  to  put  it 
in  seed  crates,  but  this  was  not  done  until  several  of  the  ears  had 
been  ruined.     These  crates  were  simply  wooden  frames  covered  with 
wire  netting  and  probably  allowed  as  free  circulation  of  air  as  when 
the  corn  was  on  the  racks. 

A  record  of  the  condition  of  the  atmosphere  in  the  different 
rooms  was  kept  by  means  of  three  wet  bulb  hygrometers.    Readings  of 
the  thermometers  were  taken  at  seven  o'clock  in  the  morning  and  at 
one  o»clock  and  six  o'clock  in  the  afternoon.     At  first  some  diffi- 
culty  was  met  on  account  of  the  fact  that  the  wick  of  the  wet  bulbs 
dried  out  several  times. 

The  two  hundred  forty  ears  of  corn  used  were  weighed  each  week 
until  the  middle  of  December  when  samples  were  taken  from  each  for 
determination  of  moisture,   germination,   and  acidity.     At  first  it  was 
the  plan  to  go  over  the  ears  five  or  six  times  to  determine  the  rate 
of  the  development  of  acidity.     On  this  account  each  ear  was  sampled 


by  shelling  off  only  three  rows  of  kernels  lengthwise  of  the  ear. 
From  the  grain  thus  obtained,  five  kernels  were  taken  at  random  for  a 
determination  of  moisture,   and  ten  grains  were  taken  for  determining 
the  percentage  of  germination.     These  latter  were  also  selected  at 
random  except  in  the  case  of  corn  gathered  the  first  few  weeks  and 
stored  in  the  seed  room.    This  corn  was  so  badly  damaged  by  wevil  thai 
it  was  necessary  to  try  to  select  kernels  which  had  not  been  attacked, 
for  the  germination  work.    The  remainder  of  the  sample,   after  the 
fifteen  grains  had  been  removed,  was  ground  and  used  for  the  deter- 
mination of  the  degree  of  acidity. 

The  official  method  for  determining  the  degree  of  acidity  of 
grains,  outlined  in  Bulletin  102  United  States  Department  of  /^ricul- 
ture,  with  a  few  minor  modifications  to  suit  the  conditions  of  the 
experiment,  was  followed. 

The  corn  was  ground  to  a  meal  that  would  pass  through  a  sieve 
having  twenty  meshes  to  the  inch.    Duplicate  samples  of  five  grains 
each  were  weighed  out  and  placed  in  two-hundred-cubic-centimeter 
Erlenmeyer  flasks.     Twenty-five  cubic  centimeters  of  eighty  per  cent, 
alcohol,  having  a  specific  gravity  of  ,86,  was  run  into  the  flasks 
which  were  then  stoppered  and  allowed  to  stand  from  eighteen  to  twen- 
ty hours.     At  the  end  of  this  time  the  alcoholic  extract  was  filtered 
off  and  to  a  ten  cc.  portion  of  it,   thirty  cc.  of  distilled  water  and 
.5  cc.  of  phenolphthalein  were  added;   and  the  filtrate  was  titrated 
with  a  solution  of  approximately  one-hundredth  normal  potassium  hy- 
droxide (K.  F.  1.0972) 

It  was  found  that  different  results  were  obtained  where  the  al- 
coholic extract  was  decanted  from  the  meal,   than  those  given  when  the 
mixture  was  shaken  and  the  meal  poured  upon  the  filter  paper.  There- 


8 

fore,   the  latter  practise  was  followed.     It  was  very  difficult  to 
titrate  all  samples  to  the  same  end  point  because  some  of  them  gave 
very  heavy  precipitates  of  zein  on  the  addition  of  the  water,  while 
others  gave  almost  none  at  all;  and  this  was  often  true  even  in  dupli- 
cates from  the  same  sample. 
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III 

MOISTURE  AND  DEGREE  OF  ACIDITY 

The  first  phase  of  the  work  was  a  study  of  the  relation  between 
the  development  of  acidity  and  the  amount  and  rate  of  shrinkage. 

SEED  ROOM  (ICQ  Series)  --  As  has  already  been  pointed  out  in  the 
introduction,  tbe  corn  collected  the  first  few  weeks  was  still  in  the 
milk  and  c  cntained  acout  fifty  per  cent,  of  water.    Table  I.  gives 
the  results  of  some  moisture  determinations  made  in  the  Crop  Produc- 
tion Laboratory  at  the  University  of  Illinois,   on  corn  collected  at 
about  the  same  time  as  that  used  in  this  work. 

Table  I        Moisture  content  in  grain  and  cob  of  corn  taken 


from  the  field  October  6,  1915* 


Date  of  Collection 

Moisture 

October  6,  I915 

Grain 

Cob 

54.0^ 

42.4^ 

On  account  of  the  fact  that  1915  was  a  year  in  which  corn  matured 
very  late,  the  date  in  Table  I.  has  little  significance  except  to  show 
the  slowness  with  which  the  grain  ripened. 

Table  II.  gives  the  amounts  of  weekly  loss  in  weight  for  the  corn 
collected  on  succeeding  Saturdays  and  placed  in  storage  in  the  seed 
room. 
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Table  II 

Rates  of 

loss  of  moisture  in  corn  collected  at 

different  dates  and 

stored  in  seed  room. 

Loss  per 

week . 

Per 

Series 

is  t 

2nd 

3rd 

4  th 

P  til 

0  cXl 

0  til 

Qth 

10  th 

Cent 

Tin  1 

56. 7 

/Cc  n 
65.7 

47.1 

63.8 

Q 
.  0 

i  •  I 

.  4 

2.0 

7  8 
/  .0 

X  X  V  •  c. 

51.0 

44.9 

30.7 

41.1 

.  2 

.  1 

^  ♦  7 

pO .  1 

52.2 

7  6 

1 . 0 

.  1 

0  •  J. 

62.2 

147.3 

24.6 

3.9 

5.9 

0  •  0 

140 

164.6 

26.7 

.4 

0 

0 

1.1 

150 

122.4 

14.2 

2.2 

0 

0 

0 

o.o 

160 

88.2 

14.5 

1.6 

5.7 

0 

0 

L  L 
O.O 

170 

32.9 

25.3 

0 

6.8 

The  figures  given  in  this  work,   are  the  averages  for  the  ten  ear  5 
collected  each  week,  unless  otherwise  incicated.     It  was  necessary  to 
take  averages  on  account  of  the  wide  variations  "between  individual 
ears. 


Table  II.  shows  that  the  rate  of  loss  was  very  rapid  during  the 
first  few  weeks  of  storage,  but  at  a  certain  point  it  became  almost 
negligible.     The  loss  of  iiioisture  was  from  both  grain  and  cob,  and 
from  only  a  few  tests  it  was  found  that  the  rate  of  loss  was  almost 
three  times  as  fast  in  the  cob  as  in  the  ear,   though  the  former  con- 
tained only  about  two-thirds  as  much  water.     Plate  I.  is  a  graphic 
representation  of  table  II. 

If  we  compare  the  percentage  of  moisture  in  the  grain  of  this 
corn  at  the  time  the  samples  were  taken  from  the  ears  (December  8, 
1915).  with  the  degree  of  acidity,  we  find  that  there  appears  to  be  a 
certain  relationship  between  the  two,  the  ratio  being  in  the  same  di- 
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rection.    Table  III,  gives  the  averages  for  the  ten  ears  of  each 
week's  collection. 

Table  III  —  Comparison  of  percentage  of  moisture  and 


degree  of  acidity.     (100  Series) 


Series  No. 

Per  cent.  Moisture 

Acidity  (degrees) 

110.1 

7.8 

26,00 

110.2 

7.7 

22,10 

120 

8.1 

25.8c 

130 

6.8 

24.85 

140 

5.8 

13.45 

150 

6.6 

16.15 

160 

6.6 

12.45 

170 

6.8 

14,05 

Plate  2  is  a  graphic  representation  of  table  III, 
These  results  show  that  up  to  a  certain  point  (November  6)  there 
is  a  gradual  though  irregular  drop  in  the  degree  of  acidity,   and  a 
gradual,  but  more  irregular  rise  in  the  percentage  of  moisture  in  the 
grain.     (It  is  a  peculiar  thing  that  in  every  case  the  degree  of 
acidity  of  the  corn  collected  November  I3,  I915  was  higher  than  that 
gathered  the  preceding  Saturday.) 

Plate  3  shows  the  relationship  between  the  total  loss  of  mois- 
ture and  the  degree  of  acidity  at  the  time  the  samples  were  taken. 
As  has  already  been  stated,  the  weights  of  both  grain  and  cob  were 
used  in  making  the  calculations.    This  plate  shows  that,  for  the  seed 
room  at  least, " the  degree  of  acidity  is  almost  directly  proportional 
to  tne  amount  of  water  evaporated  from  the  corn  during  storage. 
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Table  IV.  is  compiled  to  show  the  length  of  time  required  for 
the  corn  to  reach  a  constant  weight,   as  compared  with  the  degree  of 
acidity  of  the  grain.     There  is  probably  no  time  at  which  the  weight 
becomes  constant,   but  when  ten  ears  lose  only  nine  grams  in  a  week, 
they  may  be  considered  as  having  reached  such  a  point. 

Table  IV        Time  required  for  corn  in  seed  room  1.0  reach 


a  constant  weiglrit. 


Series  No. 

Time  Required  (weeks) 

Acidity  (degrees) 

110.1 

5 

22.10 

110.2 

6 

26.00 

120 

4 

25.8c 

130 

4 

24.85 

140 

3 

13.45 

150 

4 

16.15 

160 

3 

12.45 

170 

4 

14.05 

It  must  be  remembered,   that  the  later  the  date  when  the  corn  was 
collected,  the  less  moisture  there  was  in  it  to  be  evaporated.  This 
would  account  for  the  fact  that  corn  collected  the  last  weeks  dried 
out  more  quickly  than  that  of  the  first  weeks.     It  should  also  be 
noted  that  the  heat  was  turned  on  in  the  seed  room  about  the  middle 
of  October  and  from  that  time  on  the  temperature  of  the  room  averaged 
eight  to  ten  degrees  higher  than  it  had  been  previously.    This  would, 
of  course,   tend  to  make  the  corn  dry  out  faster. 

Whether  or  not  tlie  rate  of  evaporation  from  the  corn  has  any  in- 
fluence on  the  formation  of  acids,   the  writer  will  not  attempt  to 
say.     Table  IV.  seems  to  indicate  that  the  faster  the  rate  of  drying, 
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the  lower  the  degree  of  acidity. 

BASEMENT  (200  Series)   —  The  corn  stored  in  the  basement  showed 
a  relatively  higher  degree  of  acidity  than  that  stored  in  either  the 
seed  room  or  the  east  room.     This  may  have  been  due  to  either  one  or 
both  of  two  factors.     It  may  have  been  due  to  the  large  amount  of 
water  retained  in  the  grain;   or,   to  the  large  amount  of  mold  which 
developed  on  the  corn. 

The  rate  of  shrinkage  in  drying  was  much  slower  in  the  basement 
than  in  the  seed  room.     This  can  readily  be  seen  by  comparing  Table  V 
with  Table  II.  or,  Plate  4  with  Plate  1. 

Table  V  —  Rates  of  loss  of  weight  in  corn  stored  in  a 


Series 
No. 

1st. 

2nd 

3rd 

4  th 

5  th 

6  th 

7  th 

8  th 

9  th 

10  th 

Per 
Cent 

210.1 

49.3 

52.8 

41.8 

35.7 

32.7 

6.8 

5.3 

1.2 

.6 

0 

13.5 

210.2 

59.8 

45.6 

28.3 

22.0 

34.1 

3.5 

1.6 

.5 

.2 

0 

13.8 

220 

50.7 

38.3 

29.0 

54.5 

19.8 

12.3 

3.5 

.7 

0 

13.2 

230 

47.6 

39.0 

64.3 

25.3 

15.3 

4. 1 

4.2 

1.1 

13.6 

240 

39.5 

68.6 

24.9 

21.3 

5.3 

5.3 

0 

14.8 

250 

22.0 

17.5 

13.7 

5.0 

4.7 

0 

14.7 

260 

39.1 

18.5 

6.7 

6.9 

5.2 

14.2 

270 

8.7 

9.9 

8.2 

14.1 

It  should  be  remembered  that  the  atmosphere  of  the  basement  was 
fairly  moist  and  warm  most  of  the  time,  which  probably  accounts  for 
the  slow  evaporation  from  the  corn. 

Table  VI.  and  Plate  5  show  a  comparison  of  the  per  cent,  of 
moisture  in  the  grain  when  sampled,  with  the  degree  of  acidity.  This 
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data  shows  a  quite  different  relationship  between  the  two,  than  that 
which  was  found  in  the  corn  of   Lhe  100  series.     In  the  latter  case  it 
was  noted  that  for  the  corn  first  taken  from  the  field  the  moisture 
and  acidity  curves  run  nearly  parallel.     In  the  case  of  that  stored 
in  the  basement  the  opposite  is  found  to  be  true        the  moisture 
curve  starting  low  and  fjTadually  ascending,  while  the  acidity  curve 
starts  high  and  gradually  descends.     It  is  interesting  to  note  that 
the  two  curves  run  in  opposite  directions  up  to  the  fourth  week,  but 
from  that  point  on,  both  run  in  the  same  general  direction.     This  is 
contrary  to_^the  results  reported  by  the  United  States  Department  of 
Agriculture  .     Their  data  seems  to  show  that  in  nearly  every  case  the 
per  cent,  of  moisture  ran  in  ihe  opposite  direction  from  the  degree 
of  acidity. 

Attention  is  again  called  to  the  increase  in  the  degree  of  acid- 
ity in  corn  collected  the  last  week  over  that  collected  the  preceding 
week. 


Table  VI  —  Percentage  of  moisture  and  degree  of  acidity 
 (200  Series) 


Series  No, 

Per  cent.  Moisture 

Acidity  (degrees) 

210,1 

13.5 

25.50 

210.2 

13.8 

27.0c 

220 

13.3 

24.15 

230 

13.6 

22.20 

240 

14.8 

20.20 

250 

14.7 

19.5c 

260 

14.2 

14.75 

270 

14.1 

17.00 

1.  Bui.  102,  U. 

S.  D.  A.  p.  36  and  elsewhere 
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A  comparison  of  the  total  loss  of  weigtit  in  drying  with  the  de- 
gree of  acidity,   as  shown  in  Table  VII.  and  Plate  7,   indicate  that 
the  same  general  relations  apply  here  as  were  found  in  the  seed  room; 
i.e.,   the  greater  the  total  loss  during  shrinkage,   the  higher  the  de- 
gree of  acidity. 


Table  VII        Total  loss  and  Acidity. 


Series  No. 

Loss  grams 

Acidity 

210.1 

226 

25.50 

210.2 

195 

27.00 

220 

226 

24,15 

230 

201 

22.20 

240 

152.7 

20.20 

250 

503 

19.50 

260 

76 

14.75 

270 

24 

17.0c 

Table  VIII.  is  designed  to  show  the  length  of  time  before  shrink- 
age ceased,   as  compared  with  the  degree  of  acidity. 


Table  VIII        Time  required  to  complete  shrinkage  of  corn 
in  the  basement. 


Series 

Time  Required 
(weeks) 

Acidity 

( degrees) 

210.1 

9 

25-50 

210.2 

8 

27.0c 

220 

9 

24.15 

230 

8 

22.20 

240 

6 

20.20 

Table  VIII        Time  required  to  complete  shrinkage  of  corn 


in  the  Basement.  Continued. 


Series  No. 

Time  Required 
(weeks) 

Acidity 

( degrees) 

250 

5 

19.50 

260 

still  shrinking 

14.75 

270 

still  shrinking 

17.00 

When  compared  with  Table  IV.  this  data  serves  to  show  how  much 
more  slowly  the  corn  in  the  basement  dried  than  did  that  in  the  seed 
room;  but  does  not  show  any  clear  relation  between  rate  of  shrinkage 
and  degree  of  acidity. 

EAST  ROOM  (300  Series)         The  corn  which  was  stored  in  the  east 
room  where  the  temperature  was  uncontrolled,   and  the  moisture  of  the 
atmosphere  was  governed  by  outside  conditions,  appeared  to  the  eye  to 
be  in  much  better  condition  than  that  stored  in  either  of  the  other 
two  places.     The  grains  were  plump  and  full,  which  caused  the  ears  to 
appear  larger.     The  color  was  rich  and  clear;  and  there  was  no  mold 
or  insect  injury  on  the  corn,  except  in  one  or  two  isolated  cases. 

By  comparing  Table  IX.  with  Tables  II.  and  V.  it  will  be  seen 
that  the  corn  stored  in  the  east  room  did  not  dry  out  as  rapidly  as 
that  kept  in  the  seed  room,  but  it  dried  faster  than  that  kept  in  the 
"basement. 

Table  IX       Rates  of  loss  of  weight  in  corn  stored  in 


the  east  room.   (30O  Series) 


Series 
No . 

1st 

2nd 

3rd 

4th 

5  th 

6  th 

7  th 

8  th 

9th 

10  th 

Cent 
H,0 

310.1 

59.7 

62,5 

47.0 

45.1 

17.2 

27.1 

0 

0 

0 

0 

13.2 

310.2 

63.8 

51.2 

33.7 

45.9 

2.3 

6.3 

0 

0 

0 

0 

13.5 

23 


Table  IX  --  Rates  of  loss  of  weight  in  corn  stored  in 
  the  east  room.  


Series 
No. 


1st 


2nd 


3rd 


4th 


5  th 


6  th 


7th 


8  th 


9  th 


10  th 


Per 
Cent 


320 
330 
340 
350 
360 
370 


63.8 
66.0 

89.5 
81.0 
49.2 
3.4 


45.5 
132.0 

68.9 
29.6 
18.8 
6.8 


50.0 
2.2 
20.3 
14.9 
3.2 


29.6 

17.5 
4.8 

3.3 
4.0 
10.5 


.5 

8.8 
,8 

2.9 

0 


0. 

.1 

.7 

.6 


0 

2.2 

0 


13.8 
14.5 
13.6 
14.4 
15.0 
15.7 


It  will  also  be  seen  that  the  average  per  cent,  of  moisture  at 
the  time  the  samples  were  taken  was  much  higher  than  the  corn  of  the 
100  series,  but  only  a  very  little  lower  than  was  found  in  the  corn 
stored  in  the  basement. 

The  acidity  curve  of  this  series  of  samples  starts  much  lower 
than  that  of  either  of  the  other  series,  beginning  at  22.05  cc.  for 
the  first  week,  which  is  4.4  cc.  lower  than  the  100  series  and  3.4 
cc.  lower  than  the  200  series.     It  is  also  worthy  of  note  that  22.05 
cc.  is  the  highest  degree  of  acidity  reached  by  the  corn  of  the  300 
series . 

Carrying  out  the  scheme  of  comparisons,  if  the  acidity  curve 
is  compared  with  that  showing  rate  of  total  shrinkage,  we  find,  as 
in  the  other  two  cases,   that  the  curves  run  in  the  same  general  di- 
rection, though  uoth  are  quite  irregular. 
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Table  X        Total  loss  in  shrinkage.     East  Room. 


Series 

Shrinkage 

Acidity 

grams 

degrees 

310  •  1 

260 

22.05 

3iO  •  <^ 

203 

18.00 

189 

22.00 

330 

116 

21.95 

■LOy 

I0.05 

350 

132 

16.05 

360 

64 

14.15 

370 

20 

17.00 

This  should  prove  quite  conclusively  that  the  degree  of  acidity 
developed  in  corn  in  storage  is  connected  in  some  way  with  the  amount 
of  shrinkage  in  the  corn;   and  that  the  smaller  the  amount  of  shrinkage 
the  less  the  amount  of  acids  there  will  be  in  the  grain.     This  would 
indicate  that  corn  taken  from  the  field  too  early  is  likely  to  develop| 
a  high  degree  of  acidity,  unless  kept  in  a  place  where  shrinkage  was 
very  slow. 

Except  for  one  or  two  irregularities,   the  curve  showing  percentag| 
of  moisture  in  the  grain,   and  the  acidity,  curve  of  the  300  series 
run  in  opposite  directions  throughout.     This  is  in  accordance  with 
the  results  published  by  the  United  States  Department  of  Agriculture 
already  mentioned,  which  seems  to  indicate  that    the  drier  the  corn 
becomes,  the  greater  will  be  its  degree  of  acidity.    Table  XI.  gives 
the  moisture  and  acidity  figures,  which  are  plotted  in  Plate  8a. 
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Table  XI  -- 

Percentage  of  moisture  at 

time  of  taking  samples, 

in  corn  stored  in  the  east  room. 

Series 

Moisture     Per  cent. 

Ac  idi tv 

310.1 

1^.2 

310.2 

ifi .  no 

320 

1^.8 

22  .00 

330 

14,5 

21.95 

340 

13.6 

16.65 

14.4 

16.05 

360 

15.0 

14.15 

370 

15.7 

17.00 

Table  XII.  which  gives  the  time,   in  weeks,   required  for  the  corn 
to  dry  out,   shows  the  same  principle  as  tables  IV.  and  VIII, 


Table  XII        Time  required  for  corn  stored  in  east  room 


to  dry  out.  (weeks) 


Series 

Time  (weeks) 

Acidity 

310.1 

7 

22.05 

310.2 

7 

18.00 

320 

5 

22.00 

330 

6 

21.95 

340 

5 

16.65 

350 

6 

16.05 

360 

5 

14.15 

370 

17.00 

Here  again  we  see  that  the  time  required  for  drying  has  a  defin- 
ite relation  to  the  degree  of  acidity.     It  is  also  interesting  to 
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note  that  the  time  required  in  this  series  is  between  that  required 
in  the  seed  room  and  in  the  basement.     This  would  indicate  again  that 
an  optimum  rate  of  drying  is  required  for  preventing  the  formation  of 
acids.    Further  work  may  prove  that  still  other  conditions  are  more 
nearly  optimum  than  those  worked  with  in  this  experiment. 

CONCLUSIONS        Table  XIII.   shows  a  number  of  comparisons  for 
the  various  conditions  of  storage. 

Table  XIII        Three  conditions  of  storage. 


Per 

Cent.  Moisture 

Total  loss  in  shrinkage 

Acidity  (degrees) 

100 

200 

300 

100 

200 

300 

100 

200 

300 

10.1 

7.8 

13.5 

13.2 

237 

226 

260 

26.65 

25.50 

22.05 

10.2 

7.7 

13.8 

13.5 

170 

195 

203 

22.10 

27.00 

18.00 

20 

8.1 

13.3 

13.8 

239 

226 

189 

25.80 

24.15 

22.00 

30 

6.8 

13.6 

14.5 

242 

201 

116 

24.30 

22.20 

21.95 

40 

5.8 

14.8 

13.6 

152.7 

185 

13.45 

20.20 

16.65 

50 

6.6 

14.7 

14.4 

138.8 

50.3 

132 

16.01 

19.50 

16.05 

60 

6.6 

14.2 

15.0 

110.0 

76 

64 

12.45 

14.75 

14.15 

70 

6.8 

14.1 

15.7 

53 

24 

20 

14.05 

17.05 

17.00 

It  is  evident  from  this  table  that  the  corn  in  the  seed  room 
dried  out  much  more  thoroughly  than  did  that  in  either  of  the  other 
two  places,  the  total  loss  in  shrinkage  being  greater  and  the  percent- 
age of  moisture  being  much  lower.     In  this  connection  it  is  of  impor- 
tance to  note  that  the  degree  of  acidity  of  the  corn  collected  during 
the  first  three  weeks  was  quite  high,  while  that  of  the  remainder  of 
the  samples  was  lower  than  was  found  in  the  corn  in  either  the  base- 
ment or  the  east  room.    This  seems  to  indicate  that  the  rate  of  shrink- 
age  is  an  important  factor  in  acidity  development,   a  very  rapid  shrink. 
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age  being  accompanied  by  a  low  degree  of  acid  formation. 

If  an  average  of  the  degree  of  acidity  of  all  the  corn  in  the 
100  series  is  compared  with  the  same  sort  of  average  for  the  200  ser- 
ies,  it  will  be  found  to  be  only  .62  degrees  lower  than  this.  It 
will  also  be  found  to  be  1.5  degrees  higher  than  the  average  of  the 
whole  of  the  300  series. 
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IV 

ACIDITY  AND  GERMINATION 

The  second  phase  of  the  work  considers  the  degree  of  acidity  in 
relation  to  germination. 

The  data  published  in  Bulletin  102  of  the  United  States  Depart- 
ment of  Agriculture,  which  contains  the  only  data  available  on  actual 
acidity  determinations,  gives  many  figures  which  show  that  in  a  gen- 
eral way  the  higher  percentages  of  germination  are  accompanied  by  a 
relatively  low  degree  of  acidity.  The  authors  of  this  bulletin  hold 
that  sound  corn  may  have  a  degree  of  acidity  of  22  cc.  and  that  this 
s  about  normal. 

In  studying  germination  data  in  connection  with  acid  development, 
the  same  irregularity  was  observed  as  was  found  in  the  moisture  data; 
and  one  is  almost  at  a  loss  to  know  whether  the  figures  are  signifi- 
cant or  not.    However,  when  plotted  in  curves  the  general  directions 
of  the  lines  seem  to  follow  a  somewhat  definite  relationship. 

SEED  ROOM  (100  Series)   -  In  studying  the  germination  of  the  corn 
collected  for  this  work,   ten  kernels  were  left  in  wet  sand  for  five 
days.     At  the  end  of  that  time  the  germination  was  determined,  the 
count  being  divided  into  five  parts  -  (1)  those  in  which  the  plumule 
ras  over  1«  in  length;   (2)   those  in  which  it  was  from        to  1"  in 
length;   (3)  those  where  the  skin  had  just  been  broken;   (4)  some  which 
lad  roots  protruding,  but  no  stem;  and  (5)  those  which  did  not  ger- 
ninate  at  all. 

In  compiling  the  data  quoted  here,  only  the  first  group  is  in- 
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eluded  unless  otherwise  stated. 

The  corn  of  the  100  series  showed  a  lower  per  cent,  of  germina- 
tion than  either  of  the  others.     This  is  especially  true  for  the  first 
few  weeks'  collections  in  which  we  have  already  seen  the  acidity  was 
very  high.     Table  XIV.  gives  the  average  germination  for  this  series, 
and  the  acidity. 

Table  XIV        Germination  &  Acidity.     (100  Series) 


Series  No. 

Germination 

Acidity 

110.1 

27 

26.65 

110.2 

43 

22.10 

120 

48 

25.80 

130 

66 

24.80 

140 

85 

13.45 

150 

77 

16.10 

160 

84 

12.45 

170 

73 

14.05 

The  corn  of  the  first  three  weeks'  collections  gave  a  very  weak 
germination  at  "best,   the  good  ones  not  much  better  than  the  medium 
class  in  the  other  series.    However,  the  corn  of  the  last  four  weeks' 
Bollections  gave  a  very  strong  and  vigorous  germination,  the  average 
Length  of  the  young  plumule  being  over  two  inches. 

In  this  series  there  is  only  one  case  (150)  where  a  high  degree 
Df  acidity  shows  a  higher  germination  than  any  lower  degree,   as  in 
L70. 
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BASEMENT  (200  Series)        Table  XV.  gives  the  percentage  of  ger- 
mination of  the  corn  of  the  two  hundred  series. 


Table  XV        Germination  and  Acidity.     (200  Series) 


Series  No. 

Germination 

Acidity 

110.1 

34.0 

25.50 

110.2 

78.0 

27.00 

120 

75.0 

24.15 

130 

68.75 

22.20 

140 

75.5 

20.20 

150 

81.1 

19.50 

160 

74.0 

14.75  , 

170 

75.5 

17.10 

If  we  take  an  average  of  the  germination  tests  of  the  80  ears  of 
corn  stored  m  the  basement  and  compare  this  with  the  average  of  the 
80  ears  kept  in  the  seed  room,  we  will  find  it  to  be  about  seven  per 
cent,  higher.     Among  the  80  ears  there  were  20  that  did  not  germinate 
at  all.     There  were  eleven  that  gave  germination  tests  of  100  per 
cent.     In  the  seed  room  there  was  one  ear  that  gave  no  germination; 
and  eleven  which  cested  100  per  cent. 

It  is  interesting  to  note  that  in  this  series  the  time  of  collec- 
tion seems  to  have  little  effect,  the  corn  collected  the  last  week 
giving  a  lower  test  than  that  collected  the  first  week. 

The  results  m  this  series  are  so  irregular  that  it  is  almost 
impossible  to  say  that  they  conform  to  the  idea,  that  high  acid  con- 
tent means  low  germination. 

EAST  ROOM  (300  Series)  —  The  corn  in  the  east  room  gave  a  much 


34 


higher  average  test  for  germination  as  well  as  better  individual 
tests.     Table  XVI.   gives  the  averages  for  the  seven  weeks'  collec 
tions* 


Table  XVI  —  Germination  and  Acidity.  (30O  Series) 


Series  No. 

Germination 

Acidity 

310.1 

67 

22.05 

310.2 

78 

18.00 

320 

82 

22.00 

330 

78 

21.95 

340 

83 

16.65 

350 

64 

16.05 

360 

92 

14.15 

370 

82 

17.00 

In  this  corn  there  were  seven  ears  that  did  not  germinate,  but 
sixteen  gave  tests  of  100  per  cent.     The  average  for  the  eighty  ears 
was  78.25  per  cent,  which  is  eight  per  cent,  higher  than  the  corn 
from  the  basement,   and  fifteen  per  cent,  higher  than  that  from  the 
seed  room.     In  this  series  seventeen  ears  tested  ninty  per  cent.,  and 
fourteen  ears  tested  eighty  per  cent.     This  includes  only  the  count 
taken  in  the  first  division  where  the  seedling  was  over  one  inch  in 
length.     In  the  200  series  thirteen  ears  gave  ninety  per  cent,  and 
fifteen  ears  gave  eighty  per  cent,  germination  tests.    Also  three 
ears  gave  tests  of  ten  per  cent,  while  the  lowest  in  the  300  series 
was  twenty  per  cent,   and  only  one  ear  showed  a  test  as  low  as  this. 
In  the  seed  room  (100  series)  seventeen  ears  gave  tests  of  ninety  per 
cent,  and  five  gave  tests  of  -aighty  per  cent.     In  this  series  four 
ears  gave  tests  of  ten  per  cent. 
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Here  again  the  data  shows  rather  varying  results,  but  when  plot- 
ted in  a  curve  it  seems  to   bear  out  the  theory  already  stated,  that 
the  higher  percentages  of  germination  go  with  relatively  low  degrees 
of  acidity. 

Table  XVII.  gives  the  comparisons  of  the  germination  tests  of 
the  three  series,  the  acidity  figures  being  included  for  comparison. 

Table  XVII  —  Germination  in  the  100,  200,   and  3OO  series. 


4 


Series  No. 


Germination 


100 


200 


300 


Acidity 


100 


200 


300 


10.1 
10.2 

20 

30 
40 
50 
60 
70 


27 

43 
48 

66 
85 
77 
84 

73 


34.0 
78.0 
75. c 

68.75 
75.5 

81.1 
74.0 

75.5 


67 

78 

82 

78 
83 

64 
92 
82 


26.65 
22.10 
25.8c 
24.60 
13.45 
16.10 
12.45 
14.05 


25.50 
27.00 
24.15 
22.20 
20.20 
19.50 

14.75 
17.1c 


22.05 
18.00 
22.00 

21.95 
16.65 
16.05 
14.15 
17.00 


A  study  of  this  table  shows  that  in  every  series  the  corn  col- 
lected during  the  first  four  weeks  had  a  relatively  higher  acid  con- 
tent, and  a  lov/er  per  cent,  of  germination  on  the  average,   than  that 
collected  during  the  last  few  weeks.     If  we  consider  only  the  last 
four  weeks,  which  would  be  more  nearly  the  normal  time  for  taking 
seed  corn  from  the  field,  there  seems  to  be  little  choice  as  to  place 
of  storage  between  such  conditions  as  prevailed  in  the  seed  room,  and 
those  which  were  found  in  the  east  room.     If  there  is  any  choice  it 
is  in  favor  of  the  latter  place  as  the  results  for  the  four  weeks 
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were  one  per  cent,  higher  here  than  in  the  seed  room.     Further  than 
this,   the  sample  kernels  from  the  east  room  seemed  to  give  a  much 
stronger  and  more  sturdy  plant  than  those  from  the  seed  room. 

THE  OPTIMUM  DEGREE  OF  ACIDITY        While  carrying  out  the  experi- 
ments reported  herein,  the  question  was  raised  in  the  mind  bf  the 
writer  as  to  whether  or  not  a  certain  amount  of  acid  might  not  be 
necessary  for  the  best  germinating  conditions.     In  order  to  find  out 
whether  or  not  this  was  true,   all  the  ears  which  gave  a  germination 
of  100  per  cent,  were  compared  as  to  their  acid  content.    The  results 
of  this  comparison  are  reported  in  table  XVII. 

Table  XVIII        Acidity  of  corn  having  a  germination  of  100 


per  cent« 


Ear  No. 

Acidity  (degrees) 

130 

26.75 

132 

25.15 

144 

14.5c 

147 

13.1c 

151 

12.75 

13.75 

162 

11.25 

174 

14.25 

175 

16.25 

176 

15.00 

177 

12.75 

211.2 

25.75 

216.2 

25.50 
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Table  XVIII        Acidity  of  corn  having  a  germinaticn  of  100 


per  cent. 


Ear  No. 

Acidity  (degrees) 

227 

21.25 

233 

26.25 

248 

24.25 

249 

22.00 

250 

17.75 

251 

23.75 

257 

19.50 

260 

13.25 

276 

18.75 

 —  --  —  —  —  —  —  _  —  —  _ 

318.1 

—              

18.75 

313.2 

16.75 

315.2 

18.00 

319.2 

22.35 

322 

22.50 

328 

25.75 

345 

13.50 

349 

16.1c 

360 

13.1c 

361 

16.25 

363 

14.50 

364 

1  t?  CiCi 

J.  ^ . 

365 

14.00 

367 

13.50 

368 

14.00 
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Table  XVIII  —  Acidity  of  corn  having  a  germination  of  100 
per  cent. 


Ear  No. 

Acidity  (degrees) 

371 
372 

16.75 
21,00 

The  data  shown  in  this  table  would  appear  to  discredit  any  such 
theory  since  we  find  corn  ranging  in  acidity  from  12.75  cc.  up  to 
26.75  cc.  all  giving  germination  teste  of  100  per  cent.     It  is  how- 
ever, well  to  note  that  a  majority  of  the  ears  had  an    acid  content 
of  less  than  20  cc. 


i 
[ 
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ACIDITY  DEVELOPMENT  MD  PLACE  OF  STORAGE. 

Since  the  development  of  acidity  is  dependent  on  both  the  rate 
of  shrinkage  and  the  total  shrinkage,   and  a  low  degree  of  acidity 
means  a  high  per  cent,  of  germination,  we  should  store  our  seed  corn 
under  conditions  which  are  optimum  for  low  degrees  of  acid  develop- 
ment.    Such  conditions  were  found  to  obtain  in  the  east  room. 

In  trying  to  discover  why  seed  corn  was  always  stored  in  a  hot 
dry  room,   the  writer  was  told  that  there  was  no  scientific  basis  for 
the  practise,  but  that  it  was  followed  upon  the  assumption  that  these 
were  the  best  conditions  for  it.     The  writer  questions  the  assumption 
very  much.     If  corn  was  left  to  nature  the  seed  would  be  exposed  to 
all  kinds  of  weather  and  temperature  conditions  during  winter,  and 
would  still  grow  again  when  Spring  arrived. 

Upon  the  basis  of  the  results  obtained  from  the  experiment  here- 
in reported  it  seems  very  clear  to  the  writer  that  the  dry  hot  room 
is  not  the  best  place  for  keeping  seed  corn  over  winter.  Neither 
would  he  recommend  such  conditions  as  obtained  in  the  basement.  But 
it  is  the  firm  belief  that  seed  corn  stored  under  such  conditions  as 
were  found  in  the  east  room  will  keep  better,   and  give  better  results 
than  can  be  obtained  from  corn  stored  in  either  of  the  other  two 
places. 

The  acidity  of  the  corn  of  the  300  series  was  appreciably  lower 
than  was  found  in  either  the  100  or  the  200  series,   and  the  average 
germination  for  the  80  ears  was  much  better. 
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Attention  is  called  to  the  fact  that  neither  the  rate  of  shrink- 
age nor  the  total  shrinkage  was  as  great  in  the  east  room  as  in  the 
seed  room;   and  for  the  last  four  weeks  when  shrinkage  in  the  seed  room 
was  moat  rapid  th-^  aciiJity  de/elopi'.ieno  was  lower  in  this  room  than  in 
the  east  room.     However,    it  is  the  opinion  of  the  writer  that  the  very 
rapid  rate  of  shrinkage  in  the  corn  of  the  last  four  weeks'  collection 
had  a  bad  effect  on  the  viability  of  the  grain;  and  hence,  even  if 
the  acidity  of  the  corn  of  the  300  series  was  a  little  higher,  the 
vitality  was  better. 

Plate  10  is  a  comparison  of  the  degrees  of  acidity  of  the  three 
series.     Plate  11  compares  the  moisture  content  of  the  grain;  plate 
12,  the  germination  and  plate  I3  the  total  shrinkage.     Plates  14  to  37 
inclusive  give  the  curves  of  acidity,  moisture,  and  germination  of 
the  individual  ears. 

Tables  XIX.,  XX.,   and  XXI.  give  the  complete  data  for  the  indi- 
vidual ears  of  the  100,  200,   and  30O  series  respectively. 

Table  XIX       Complete  data        individual  ears        (100  Series) 


Ear  No. 


Germin- 
ation 


Moisture 


Total 
Shrinkage 
( grams) 


Per  Cent. 

Shrinkage 


Acidity 


110.1 
111.1 
112.1 
113.1 
114.1 
115.1 
116.1 

117.1 


50 
10 
10 
50 
80 
0 
40 
50 


7.6 

7.9 

8.3 

8.0 

6.15 

8.0 

7.8 

7.8 


290 
214 
263 
265 
267 
176 
191 
227 


55.9 
61.3 
59.6 
61.9 
64.4 
62.1 
57.0 
51.5 


19.60 
30.50 
26.25 
34.25 
21.75 
27.50 
30.50 
21.50 
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Table  XIX  —  Complete  data  —  individual     ears        (100  Series) 


Ear  No. 

Germin- 
ation 

Moisture 

Total 

Shrinkage 
( grams) 

Per  Cent 
Shrinkage 

Acidity 

118.1 

0 

8.2 

245 

60.7 

24.25 

119.1 

40 

8.4 

238 

56.2 

110.2 

20 

7.3 

209 

51.7 

✓  f 

27.25 

111.2 

80 

6.9 

113 

4-3.9 

19  .00 

112.2 

50 

7.6 

151 

50.1 

22.50 

113.? 

50 

7.7 

138 

49.2 

✓ 

20.85 

114.2 

60 

3.2 

172 

f 

57.  ^ 

24.  50 

115.2 

20 

3.0 

134 

52.7 

21. "^5 

116.2 

40 

8.2 

129 

48.6 

20.75 

117.2 

40 

7.8 

271 

56.5 

22.50 

118.2 

60 

7.2 

209 

51.1 

17.00 

119.2 

10 

8.5 

188 

51.7 

25.75 

120 

90 

7.4 

217 

50.8 

121 

60 

7.3 

253 

58.5 

^1.  50 

122 

80 

7.3 

171 

46. 

c*p«  Op 

123 

10 

9.8 

193 

48.4 

PA  per 

124 

60 

6.9 

302 

56.2 

125 

30 

9.9 

214 

pn 

126 

60 

7.8 

279 

5'^. 2 

127 

70 

7.2 

274 

5?-0 

19  •75 

128 

20 

7.6 

162 

48.9 

129 

0 

9^7 

113 

57.6 

28.50 

130 

loo 

0  0 1 
'=^31 

54.3 

26.75 

131 

50  ■ 

6.9 

359 

60.7 

33.50 

132 

100 

6.5 

221 

53.3 

28,60 
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Table  XIX       Complete  data 

individual  ears  —  (100  Series) 

Ear  No. 

Germin- 
at  ion 

Mois- 
ture 

Total 
Shrinkage 
( grams) 

Per  Cent. 

Shrinkage 

Acidity 

70 

7.1 

193 

47.6 

28.75 

134 

90 

6.5 

233 

49.2 

24.25 

135 

60 

7.1 

299 

52.7 

17.50 

136 

50 

8.1 

164 

50.9 

24.00 

137 

50 

265 

55.0 

21.85 

1  oft 

130 

70 

6.7 

184 

46.4 

23.50 

1  OQ 
J-37 

20 

7.5 

270 

57.4 

140 

70 

174 

36.9 

10.10 

70 

6.1 

219 

48.6 

12.75 

90 

5*5 

182 

42.6 

15.75 

143 

/-V  A 

90 

5.5 

190 

39.0 

14.40 

100 

6.1 

135 

43*6 

14.50 

90 

5.7 

200 

42.5 

11.85 

90 

6.1 

328 

69.9 

14.25 

14/ 

100 

5.8 

140 

41.4 

13.10 

i4<3 

90 

5.5 

211 

43.5 

14.65 

149 

60 

6.3 

253 

47.7 

14.65 

150 

70 

7.1 

219 

54.2 

17.60 

ipl 

100 

6.9 

124 

36.1 

12.75 

152 

30 

7.0 

199 

55.8 

23.00 

1  PC'S 

50 

7.1 

175 

51.1 

15.25 

154 

80 

6.0 

183' 

53.1 

18.00 

100 

6.2 

133 

37.2 

13.75 

156 

90- 

6.0 

128 

40.5 

11.90 

157 

90 

6.1 

80 

25.7 

13.25 
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Table  XIX       Complete  data        individual  ears        (100  Series) 


Ear  No. 

Germin- 
ati  on 

Mois- 
ture 

Total 
Shrinkage 
( grams) 

Per  Cent. 

Shrinkage 

Acidity 

158 

90 

6.9 

76 

28.3 

17.75 

159 

70 

7.0 

669 

26.6 

19.35 

160 

90 

7.0 

154 

30.0 

12.50 

161 

90 

6.2 

134 

29.4 

13.50 

162 

100 

6.6 

113 

28.0 

11.25 

163 

70 

6.3 

149 

35.5 

10.00 

164 

60 

6.4 

153 

37.3 

12.75 

165 

90 

6.3 

100 

25.4 

13.50 

166 

80 

6.6 

78 

24.7 

13.25 

167 

90 

6.7 

89 

28.8 

11.50 

168 

80 

6.3 

65 

23.8 

14.00 

169 

90 

7.2 

65 

21.9 

12.50 

170 

20 

7.0 

66 

21.8 

11.25 

171 

90 

6.9 

66 

29.7 

10.00 

172 

80 

6.2 

98 

16.7 

13.75 

173 

0 

7.0 

53 

28.3 

13.75 

174 

100 

6.8 

85 

18.1 

14.25 

175 

100 

7.1 

52 

9-5 

16.25 

176 

100 

6.9 

25 

10.4 

16.00 

177 

100 

6.9 

25 

35.7 

12.75 

178 

90 

6.9 

44 

18.9 

19.35 

179 

50 

6-7 

45 

16.4 

12,50 

44 


Table  XX        Complete  data        individual  ears        (200  Series) 


Ear  No. 

GeriLin- 

at  ion 

Mois- 
ture 

Total 

Shrinkage 
( grams) 

Per  Cent. 

Shrink age 

Acidity 

210.1 

20 

13.8 

207 

62.9 

21.50 

211.1 

10 

14.0 

211 

60.6 

21.25 

212.1 

50 

13.8 

331 

58.3 

25.50 

213.1 

10 

13.6 

164 

69.4 

28.50 

214.1 

20 

12.9 

150 

53.5 

28.75 

215.1 

60 

13.5 

291 

51.7 

28.00 

216.1 

10 

13.3 

238 

57.7 

23.75 

217.1 

70 

13-3 

222 

■  64.3 

22.00 

218.1 

80 

13.3 

219 

54.7 

26.00 

219.1 

60 

13.4 

230 

59.8 

29.75 

210.2 

80 

13.2 

232 

51.2 

25.50 

211.2 

100 

13.6 

244 

50.0 

25.75 

212.2 

50 

13.3 

173 

56.7 

29.00 

213.2 

70 

12.9 

234 

60.6 

30.00 

214.2 

80 

13*2 

186 

53.6 

33.00 

215.2 

70 

13.2 

151 

43.8 

28.00 

216.2 

100 

13.2 

205 

50.6 

25.00 

217.2 

60 

13-3 

15^ 

y  D 

4*1 . 4 

ii-O  .  p  J 

218.2 

\  80 

17.8 

194 

✓ 

^0.1 

219.2 

90 

13.0 

186 

50.4 

26.00 

220 

-- 

>21 

222 

80 

13.1 

250 
✓ 

44.  Q 

?4  tJO 

223 

70" 

13.5 

233 

58.9 

30.75 

224 

90 

13-2 

268 

44.4 

20.50 
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Table  XX  —  Complete  data  --  individual  ears        (200  series) 


Ear  No. 

Germin- 
ation 

Mois- 
ture 

Total 
Shrinkage 
(grams) 

Per  Cent. 

Shrinkage 

Acidity 

225 

70 

13.6 

268 

44.4 

20.50 

226 

80 

12.5 

149 

44.6 

29.50 

227 

100 

13.5 

243 

52.7 

21.25 

228 

20 

13.3 

150 

47.3 

22.50 

229 

90 

13.7 

240 

54.4 

20.50 

230 

10 

13.5 

237 

43.4 

24.50 

231 

90 

13.8 

162 

37.5 

24.00 

232 

90 

15.0 

281 

49.2 

25.00 

100 

13.5 

180 

40.6 

26.25 

234 

_  _  _ 

M  «-  «» 

«  mm 

W  M  M 

235 

V 

w  ^  w 

... 

236 

30 

13.6 

244 

48.8 

22.75 

237 

40 

13-5 

217 

41.2 

19.35 

238 

40 

13.4 

161 

48.3 

24.75 

239 

90 

12.7 

128 

36.6 

20.75 

240 

40 

14.6 

167 

43.6 

18.00 

241 

90 

14.8 

125 

32.7 

16.75 

242 

90 

15.0 

106 

27. 1 

243 

80 

14.8 

138 

35.0 

19.50 

244 

60 

15.2 

139 

35.3 

17.00 

245 

246 

50 

15.1 

209 

45.5 

21.50 

70 

l?.l 

215 

45.0 

22.25 

248 

100 

14.7 

207 

41.3 

24.25 

249 

100 

14.5 

227 

45.3 

22.00 

46 


Table  XX        Complete  data        individual  ears  —  (200  Series) 


Ear  No. 

Germin- 
ation 

Moi  6- 
ture 

Total 

Shr  ink age 
( grams) 

Per  Cent. 

Shrinkage 

Acidity 

250 

100 

16.9 

181 

37.1 

251 

100 

15.1 

122 

27.0 

23 '75 

252 

80 

14.5 

mm  «B 

IQ  10 

80 

15.6 

„. 

1  7  c^n 

X  /  . 

254 

_  „ 

M* 

255 

60 

13.3 

140 

46.0 

17 . 

256 

90 

13.8 

45 

15.0 

*^  J  • 

100 

14.4 

64 

23.9 

IQ  .  '^O 

258 

50 

13.8 

67 

26.4 

IQ  -  no 

259 

100 

15.2 

84 

32.5 

1  Pi  0^ 

260 

90 

13.9 

107 

28.7 

^  1  01^ 

261 

90 

14.2 

106 

34.3 

±^ . 

262 

40 

15.8 

109 

33.3 

263 

70 

13.3 

49 

17.0 

15.50 

264 

60 

14.0 

80 

27.2 

13.50 

265 

90 

13.8 

56 

20.5 

li)  .  i;J 

266 

60 

14.5 

59 

20.8 

267 

80 

14.3 

83 

29.8 

268 

80 

13.9 

53 

21.3 

Ip  .  UU 

269 

60 

14.4 

43 

1<5.2 

14.00 

270 

50 

14.0 

50 

16.3 

13.25 

271 

80 

15.6 

56 

17.3 

16.50 

272 

273 

90 

15.7 

33 

14,1 

18.75 
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Table  XX  —  Complete  data  —  individual  ears  —  (200  Series) 


Ear  No. 

Germin- 
ation 

Mois- 
ture 

Total 

Shrinkage 
( grams) 

Per  Cent 
Shrinkage 

Acidity 

274 

80 

14,0 

44 

17.8 

16.75 

275 

80 

14,2 

8 

3.0 

19.5c 

276 

100 

10.1 

22 

7.6 

18.75 

277 

80 

16.0 

12 

6.1 

16.50 

278 

80 

13.6 

0 

0.0 

16.25 

279 

40 

13.8 

17 

8,9 

18.00 

Table  XXI        Complete  data  --  individual  ears        (30O  Series) 


J!j  cuT   in  0  . 

uermin- 
at  ion 

Mois- 
ture 

Total 

Shrinkage 
(  grams) 

Per  Cent. 

Shrinkage 

Acidity 

310.1 

70 

13.2 

270 

56.4 

19.50 

■^11.1 

20 

13.4 

205 

61.9 

17.35 

312.1 

90 

13.5 

241 

57.1 

19.50 

313.1 

20 

13.5 

242 

58.5 

27.50 

314.1 

90 

13.5 

208 

54.5 

19.85 

315.1 

80 

13.2 

260 

54.8 

19.25 

316.1 

70 

12,9 

238 

54.0 

24.50 

317.1 

40 

13.1 

220 

56.9 

27.75 

318.1 

100 

13.5 

234 

54.9 

23.75 

319.1 

90 

12.3 

267 

60.0 

26.75 

310.2 

100 

13.7 

190 

50.5 

16.85 

311.2 

70 

13.5 

293 

58.8 

22.50 

312.2 

60 

13.6 

186 

43. C 

13.50 

313.2 

100  . 

13.3 

146 

43.9 

16.85 

314.2 

70 

13.5 

266 

52.5 

22.25 

48 


Table  XXI        Complete  data        individual  ears        ( 30O  Series) 


Ear  No. 

Germin- 
ation 

Mois- 
ture 

Total 
Shrinkage 
( grams) 

Per  Cent 
Shrinkage 

Acidity 

315.2 

100 

13.3 

162 

43.4 

23.00 

316,2 

40 

13.6 

210 

53*0 

22.75 

317.2 

90 

13.6 

200 

47.7 

21.25 

318.2 

70 

13.6 

244 

46.4 

14.50 

319.2 

100 

13.3 

240 

48.0 

22,35 

320 

90 

13.4 

280 

49.6 

26.25 

321 

60 

14.2 

208 

47.1 

24.00 

322 

100 

13.3 

199 

44.0 

22.50 

323 

90 

13.6 

154 

51.3 

18.00 

324 

70 

13.5 

126 

38.1 

22.85 

325 

90 

14.0 

165 

52.3 

25.00 

326 

70 

14.2 

226 

52.6 

20.25 

327 

70 

14.5 

181 

50.4 

16.00 

328 

100 

14.2 

191 

47.3 

25.75 

329 

80 

13.9 

158 

47.4 

20.75 

330 

90 

15.0 



-m  ^  mm 

16.75 

331 

90 

14.2 

202 

48.2 

18.50 

332 

90 

14.9 

266 

47.5 

17.25 

333 

70 

14.2 

260 

52.5 

24.00 

334 

50 

14.7 

246 

49.3 

26.00 

335 

90 

14.4 

197 

45.9 

22.75 

336 

70 

15.2 

285 

47.1 

16. CO 

337 

80 

13.0 

209 

47,8 

16  ?A 

338 

80 

15.7 

212 

44.5 

21.00 

339 

70 

14.5 

187 

43,8 

15.74 

49 


Table  XXI  --  Complete  data        individual  ears  --  ( 30O  Series) 


Ear  No. 

Germin- 

n't  i  on 

Mole- 

V  LIJL  C; 

Total 

DXir  1  njc  age 
( grams) 

Per  Cent 
Shrinkage 

Acidity 

340 

80 

13.7 

161 

45.4 

17.00 

341 

70 

13-3 

218 

45.2 

18.75 

342 

90 

13.6 

206 

40.0 

18.25 

343 

80 

13.6 

189 

45.2 

17.35 

344 

70 

13.3 

170 

37.5 

16.85 

345 

100 

13.4 

179 

38.9 

13.50 

346 

60 

14.2 

224 

50.3 

16.25 

347 

90 

13-9 

179 

40.4 

15.65 

348 

90 

14.0 

227 

42.4 

17.00 

349 

100 

13.9 

97 

34. 0 

16.10  . 

350 

40 

14.4 

146 

36.1 

15.50 

351 

50 

14.4 

151 

39.6 

16.25 

352 

30 

14.8 

199 

57.8 

21.10 

353 

80 

14.6 

128 

35.0 

18.50 

354 

70 

14.9 

137 

41.2 

13.00 

355 

60 

14.5 

91 

29.2 

12.85 

356 

90 

14.0 

128 

42.6 

14.75 

35> 

80 

14.2 

118 

40.2 

16.0c 

358 

70 

14.1 

102 

35.2 

15.65 

359 

70 

14.7 

123 

46.0 

17.25 

360 

100 

14.9 

121 

31.0 

13.10 

361 

100 

14.6 

80 

22.1 

16.25 

362 

70 

14.7 

86 

25.9 

13.25 

363 

100  • 

14.6 

96 

29.0 

14.50 

364 

100 

15.1 

68 

19.8 

15.00 

- 

60 


Table  XXI        Complete  data        individual  ears        (30O  Series) 


Ear  No. 

Germ  i  fl- 
at ion 

Mois- 
ture 

Total 

Shrinkage 
(grams) 

Per  Cent 

Shrinkage 

Acidity 

365 

100 

15.5 

74 

24.4 

14.00 

366 

70 

16.1 

76 

23.7 

12.50 

367 

100 

14.5 

37 

12.8 

13.50 

368 

100 

15.6 

54 

20.0 

14.50 

369 

80 

14.9 

60 

20  .9 

15.15 

370 

70 

16.3 

_  _ 

^  _ 

16.75 

371 

100 

15.9 

24 

7.5 

15.50 

372 

100 

14.9 

0 

0 

21.00 

373 

60 

15.5 

12 

5.4 

18.25 

374 

80 

15.6 

19 

7.3 

16.35 

375 

90 

15.9 

15 

5.4 

16.50 

376 

60 

16.5 

31 

12.3 

15.15 

377 

80 

16,5 

43 

17.8 

14.50 

378 

80 

15.2 

12 

5.3 

19.60 

379 

80 

15.2 

32 

17.1 

16.75 

01 


VI. 

CONCLUS  10  K  S 

The  results  of  this  study  seem  to  indicate  that  the  amount  of 
acids  developed  in  corn  in  storage  is  dependent  to  a  certain  extent 
upon  the  total  amount  of  shrinkage;   that  a  very  rapid  rate  of  shrink- 
age with  a  low  total  loss  will  give  a  relatively  low  degree  of  acidi- 
ty while  a  rapid  rate  of  shrinkage  when  connected  with  a  high  total 
loss  of  weight  usually  gives  a  high  degree  of  acidity.     V/hen  there  is 
a  laj^ge  amount  of  water  in  the  corn  and  the  rate  of  shrinkage  is  slow, 
as  in  the  case  of  the  300  series,   there  are  relatively  small  amounts 
of  acids  formed  unless  the  corn  is  subjected  to  other  deteriorating 
factors  such  as  molds,   as  was  the  case  in  the  basement.  Conversely, 
we  may  say  that  where  there  is  only  a  small  amount  of  shrinkage  taking 
place  at  a  slow  rate  the  amount  of  acid  formed  is  found  to  be  relative 
ly  high. 

Whether  or  not  the  quantity  of  acid  present  in  corn  has  any  ef- 
fect on  its  viability  does  not  appear  from  this  study.     However,  we 
may  say  in  general  that  where  the  degree  of  acidity  does  not  run 
above  25  cc.  on  the  average,   it  has  little  if  any  effect  on  the  ger- 
mination of  the  seed. 

The  problem  offers  a  large  field  for  investigation  and  much  more 
work  will  have  to  be  done  on  it  before  we  can  make  absolute  state- 
ments.   This  study,  however,  will  serve  to  show  to  a  slight  extent, 
what  general  tendencies  may  be  expected  in  later  work  of  this  kind. 
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